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Abstract 
This short paper frames the importance of the Quality of Experience in the contemporary ICT environment and links 
it to the shift towards more user-centric approaches in innovation research. The relevance of the Living Labs 
approach for QoE measurement is discussed.  
A software tool that is based on a distributed architecture in which monitored Quality of Service (QoS) parameters, 
context information and subjective QoE perceptions are combined, is briefly described. In combination with other 
objective and subjective measures and methods, this tool is currently used for the in situ and real-time measurement 
of QoE of mobile applications and services such as (personalised) mobile video, mobile gaming, ... in Living Lab 
settings. 
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1 Introduction 
Over the last decade, Quality of Experience (QoE) has become a very important research topic in 
the contemporary ICT environment  (Kilkki, 2008; Reichl, 2007). It is embedded in technical 
research traditions (such as Telecommunications) that approach QoE in a narrow, Quality of 
Service (QoS) oriented way (ITU, 2006; Soldani, 2006). From this perspective, it is often 
assumed that the mere optimization of QoS will result in a better QoE for the user, hereby 
disregarding the importance of various subjective, user- and context-related aspects. Influenced 
by the increased attention to the user perspective and the scholarly interest in the (quality of) user 
experience in other fields (e.g. HCI, social sciences), this narrow notion of QoE has been 
criticized. Various authors have pointed to the subjective, multi-dimensional character of human 
experiences when interacting with technology (Forlizzi & Ford, 2000), thus emphasizing the 
importance of user-related aspects, e.g., expectations, previous experiences and contextual 
aspects, e.g., social and use context.  
This more user-centric perspective at the conceptual level fits in the broader theoretical and 
methodological shift from linear, technology push innovation to a more open and user-driven 
innovation paradigm (Haddon et al., 2005), in which users are increasingly put at the centre of 
the innovation process. As reflected in the importance of the experience concept, users have 
become more demanding and expect that applications and products address their personal and 
situational requirements, allowing them to have a good and pleasurable (quality of) experience 
anywhere and at any time. This is especially challenging in the mobile media domain, which is 
characterized by an exponential growth in the number of mobile terminals, applications and 
services, by the availability of various new content technologies and access networks and by the 
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massive adoption of mobile services by users. As mobile applications are used in heterogeneous, 
dynamic usage contexts (with limited resources), insights in the objective and subjective 
dimensions that may influence users’ QoE in these contexts, have become indispensable in view 
of QoE optimization (De Moor and De Marez, 2008). However, this is not reflected in the 
current measurement methods: state of the art objective and subjective quality assessment 
techniques play a crucial role in the optimization of QoS-related metrics. Yet, they usually take 
place in single, controlled research contexts and focus on a limited number of parameters. 
Several studies have tried to overcome the limitations of this ‘single context’ research, but their 
main focus is still on service performance aspects.  
2 Relevance of the Living Lab approach for QoE research? 
In order to measure QoE related to mobile applications from a true user-centric perspective, a 
fundamental methodological reorientation is needed, to ensure that performance aspects are 
adequate linked to the subjective dimensions of QoE. In our previous research (De Moor, Ketyko 
et al., 2010) we have explored the relevance of Living Labs for QoE measurement of mobile 
(multi)media applications and services. Living Labs have been defined by Følstad (2008) as 
“environments for innovation and development where users are exposed to new ICT solutions in 
(semi-)realistic contexts, as part of medium- or long-term studies targeting evaluation of new 
ICT solutions and discovery of innovation opportunities”. As Living Labs “bring the lab to the 
people” and draw on ‘real’ experiences from ‘real’ users, QoE research in such settings will 
likely yield more accurate results and have a higher ecological validity than research in 
controlled environments (Schumacher and Niitamo, 2008). 
As such, the Living Lab approach might help to facilitate the continuous and systematic 
involvement of users and to enable researchers to understand the drivers and barriers of Quality 
of Experience in multiple real life contexts. Although the increased emphasis on users and their 
QoE has stimulated the involvement of users in technology development, it is still limited due to 
the boundaries of traditional user research methods (e.g. translation of user requirements into 
technical requirements and vice versa) and often limited to only a number of stages. To fully 
seize the opportunities of the Living Lab approach, more interdisciplinary and systematic 
approaches should be explored.  
In the following section, we give a brief introduction to the software tool (i.e. a ‘mobile agent’) 
that is currently being used and tested in several empirical Living Lab studies. This software tool, 
consisting of three layers, is installed on the end-user device and can assist researchers and 
network operators in gathering information across different experiential aspects such as 
performance related parameters, contextual information and user-related subjective dimensions. 
3 A software tool for QoE measurement 
The mobile agent (figure 1) contains different entities: the QoS monitoring entity, the Contextual 
monitoring entity, and the Experience monitoring entity. As such, it reflects the interdisciplinary 
approach in which social and technical research efforts are combined in view of the development 
of valid user models. The mobile agent, which is described more in detail in De Moor et al. 
(2010), contains a local data repository to store measured data and this repository can be 
synchronized with a remote database. A central controller engine on the device manages the 
monitoring process and can be configured remotely or locally on the device. 
The QoS monitoring entity is in charge of measuring the objective, technical parameters and 
contains a device, infrastructure, network and application component. The contextual monitoring 
entity, which is used for determining the context of the application or service usage, consists of 
the following four blocks: location, mobility, sensors and other running applications. The 
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experience monitoring entity interacts with the user by gathering explicit feedback in the form of 
questionnaires and pictographic feedback (e.g. pushing a red button if things go wrong). Such 
questionnaires can pop up at different times such as before, after, and during application usage 
and are set up in such a way that the disruption of the user and the usage and experience flow is 
minimized. Based upon the context, application and other monitored parameters, feedback can 
be dynamically collected from the end user. The experience probe can easily be extended with 
new modules and parameters. A possible extension consists of the collection of implicit 
experience measures by e.g. coupling explicit information (such as monitoring data, self-reports) 
with measurements of brain activity, heart activity and even eye movement.  
The use of the presented software tool is embedded in a broader research flow in which 
qualitative and quantitative pre-usage, during usage and post-usage user research are combined. 
Fig. 1 Concept of mobile agent (De Moor et al., 2010) 
 
One of the aims of the 3-year interdisciplinary GR@SP project (‘bridging the gap between 
Quality of Experience and Quality of Service), funded by the Interdisciplinary Institute for 
BroadBand Technology (www.ibbt.be), is to develop robust measurement approaches that allow 
the modeling of QoE of mobile multimedia applications and services while taking into account 
and combining objective and subjective experiential components. Several small scale (semi-) 
Living Lab experiments have been set up in preparation of larger, Living Lab trials. These 
experiments include first tests in which the proposed agent is combined with a variety of 
objective and subjective measures and methods. Current use cases under investigation include 
e.g. (personalized) mobile video watching and mobile, location-based gaming.    
4 Conclusion  
Although the interest in QoE has boomed over the last few years in academia and the industry, 
there is still a great deal of ambiguity related to this concept. A multidisciplinary approach is 
required to grasp all the relevant aspects that (may) influence user’s quality perceptions and 
expectations. Although there is an ongoing shift from the more narrow, technical to a broader 
and more holistic perspective on QoE, there are still major challenges ahead in terms of testing, 
consolidating and validating adequate methods, tools and research infrastructures, based on a 
common definition and interpretation of the QoE concept itself. 
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We briefly discussed the relevance of the Living Labs concept in this respect and argued that 
combining objective and subjective indicators of QoE offers important opportunities for user-
centric QoE optimization. Future research should therefore focus on the further development, 
testing and validation of QoE measurement tools, methods and measures that can be used in 
Living Lab settings. This will however also require a common definition and understanding of 
the Living Lab concept and its theoretical and practical implications at various levels (e.g. 
role of users versus other stakeholders, privacy issues, research policy, … ). 
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